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(57) ABSTRACT 

An object of this invention is to provide a semiconductor 
device manufacturing method in which a semiconductor ?lm 
is formed over a substrate, the semiconductor ?lm is crys 
talliZed by irradiating a laser light, a silicon oxide ?lm is 
formed in contact with the crystalline semiconductor ?lm by 
using organic silane, a gate electrode is formed in contact 
with the silicon oxide ?lm, an impurity element is intro 
duced into the crystalline semiconductor ?lm, the impurity 
element is activated, an interlayer insulating ?lm is formed 
over the gate electrode, and then a wiring comprising 
aluminum is formed over the interlayer insulating ?lm. 
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METHOD OF MANUFACTURING A 
SEMICONDUCTOR DEVICE 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a structure of a thin ?lm 

transistor (TFT) and to a process for fabricating the same. 
The present invention also relates to a process for fabricating 
an insulated gate semiconductor device on an insulator 
substrate and to a process for fabricating an integrated 
circuit (IC) obtained by assembling a plurality of said 
insulated gate semiconductor devices on an insulator sub 
strate. The term “insulator substrate” as referred herein 
means any article having an insulating surface, and, if not 
particularly stated, it encompasses not only those made of 
insulating materials such as glass, but also articles having 
thereon an insulator layer and made of a material such as a 
semiconductor and a metal. The semiconductor device 
according to the present invention is useful as TFTs of active 
matrices of liquid crystal displays, driver circuits of image 
sensors, or 501 (silicon on insulator) integrated circuits and 
conventional semiconductor integrated circuits (e.g., micro 
processors and micro controllers, micro computers, and 
semiconductor memories). 

2. Prior Art 

Recently, intensive study is performed on the process for 
fabricating an insulated gate semiconductor device 
(MOSFET) on an insulator substrate. The integrated circuits 
(ICs) of this type being established on an insulator substrate 
are advantageous considering their suitability to high speed 
drive, because such ICs on an insulator need not suffer stray 
capacitance. In contrast to these ICs, the operation speed of 
a conventional IC is limited by a stray capacitance, i.e., a 
capacitance betWeen the connection and the substrate. The 
MOSFETs having formed on an insulator substrate and 
comprising a thin ?lm active layer is called a thin ?lm 
transistor (TFT). Those TFTs are indispensable in forming 
multilayered integrated circuits. At present, a TFT can be 
found in a conventional semiconductor IC, for example, as 
a load transistor of an SRAM. 

Some of the recent products, for example, driver circuits 
for optical devices such as liquid crystal displays and image 
sensors, require a semiconductor IC to be formed on a 
transparent substrate. TFTs can be found assembled therein, 
hoWever, the ICs must be formed over a Wide area, and a loW 
temperature process for fabricating TFTs is thereby required. 
Furthermore, in devices having a plurality of terminals each 
connected With semiconductor ICs on an insulator substrate, 
for instance, it is proposed to reduce the mounting density by 
forming the loWer layers of the semiconductor IC or the 
entire semiconductor IC itself monolithically on the same 
insulator substrate. 

Conventionally, TFTs of high quality have been obtained 
by thermally annealing an amorphous or semi-amorphous 
?lm, or a microcrystalline ?lm at a temperature in the range 
of from 450 to 1,200° C. to produce a high performance 
semiconductor ?lm (i.e., a semiconductor ?lm having suf 
?ciently high mobility). An amorphous TFT using an amor 
phous material for the semiconductor ?lm can also be 
fabricated; hoWever, its application ?eld is greatly limited 
because of its inferior operation speed ascribed to an 
extremely loW mobility of 5 cmZ/Vs or even loWer, about 1 
cmZ/Vs in general, or because of its inability of providing a 
P-channel TFT (PTFT). A TFT having a mobility of 5 
cmZ/Vs or higher is available only after annealing the 
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2 
semiconductor ?lm at a temperature in the range of from 450 
to 1,200° C. A PTFT can be fabricated only after subjecting 
the ?lm to such annealing treatments. 

HoWever, in a thermal process involving heating at a high 
temperature, in particular, only strictly selected substrate 
material can be used. More speci?cally, a so-called high 
temperature process Which involves high temperature heat 
ing in the range of from 900 to 1,200° C. is advantageous, 
because it alloWs the use of a high quality ?lm obtainable by 
thermal oxidation as a gate dielectric, but substrates appli 
cable to the high temperature process are con?ned to those 
made from expensive materials such as quartZ, sapphire, and 
spinel, Which are not suited for substrates to use in large area 
applications. 

In contrast to the high temperature process above, a loW 
temperature process, in Which maximum temperature is in 
the range of from 450 to 750° C., alloWs the use of substrate 
materials selected from a Wider variety. HoWever, such a 
process requires long annealing, and moreover, the sheet 
resistance of the source/drain remains high due to insuf? 
cient activation of the impurities. There is also an attempt of 
crystalliZing the active layer and of activating source/drain 
by irradiating a laser beam and the like (this process is 
denoted as “laser process”, hereinafter), hoWever, it has been 
found also dif?cult to loWer the sheet resistance. In fabri 
cating a TFT having a ?eld mobility higher than 150 cm2/V s, 
in particular, it is essential to achieve a sheet resistance of 
not higher than 200 Q/cm2. 

It is also Well knoWn to use TFTs in devices such as active 
matrix-driven liquid crystal display devices and image sen 
sors comprising glass substrates having integrated elements 
thereon. FIG. 9 schematically shoWs a cross sectional vieW 
of a conventional TFT. FIG. 12 shoWs schematically a cross 
sectional vieW of another conventional TFT and an example 
of the step sequential process for fabricating the same. FIG. 
9(A) shoWs an insulated gate ?eld effect transistor (referred 
to simply hereinafter as a “TFT”) using a thin ?lm silicon 
semiconductor provided on a glass substrate. Referring to 
FIG. 9(A), a silicon oxide ?lm 62 about 2,000 A in thickness 
as a base is formed on a glass substrate 61, and an active 
layer comprising a silicon semiconductor ?lm having 
source/drain regions 63 and 65 together With a channel 
forming region 64 is formed on the silicon oxide ?lm 62. An 
amorphous or crystalline (polycrystalline or 
microcrystalline) silicon semiconductor layer is provided at 
a thickness of about 1,000 
A silicon oxide ?lm 66 about 1,000 A in thickness as a 

gate insulator ?lm is formed on the active layer. An alumi 
num gate contact 67 is established thereon, and it is sur 
rounded by an oxide layer 68 about 2,000 A in thickness 
formed by anodic oxidation. An interlayer insulator 69 is 
formed using silicon oxide, etc., and source/drain contacts 
70 and 71, as Well as a contact hole 72 to the gate contact 
67 are established therein. In FIG. 9(A), the contact hole 72 
connected to the gate contact 67 is not in the same plane as 
that on Which the source/drain contacts 70 and 71 are 
located, but is provided either beyond or at the front of the 
plane. 

The structure shoWn in FIG. 9(A) is characteriZed in that 
an offset gate region can be formed in a self aligned manner 
by controlling the anodic oxidation of the aluminum gate 
contact 67. The thickness 73 of the oxide layer 68 around the 
gate contact 67 depends on this controlled thickness Which 
results from anodic oxidation. More speci?cally, an offset 
region corresponding to the thickness of the oxide layer 68 
can be established by implanting impurity ions for forming 
source/drain regions after forming the oxide layer 68. 
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However, because of the diffusion of the impurities, the 
boundary betWeen the channel forming region 64 and the 
source/drain regions 63 and 65 in practice is located at a 
portion nearer to the channel forming portion than the 
portion corresponding to the edge of the oxide layer 68. 
Thus, the thickness of the oxide layer 68 must be determined 
taking the in?uence of diffusion into consideration. In 
general, the oxide layer 68 must be formed thicker than the 
length of the desired offset gate. 

The contact holes connected to the source/drain regions 
63 and 65 must be perforated With care not to be overetched. 
An excessive etching beyond the boundary betWeen the 
silicon oxide ?lm 66 and into the peripheral portion of the 
contact hole alloWs aluminum to diffuse into the etched 
peripheral portion upon forming the aluminum contacts 70 
and 71, and in extreme cases, the diffusion of aluminum 
inside the vicinity of the channel forming region 64 impairs 
the characteristics and the reliability of the TFT. 
On the other hand, the sheet resistance betWeen the 

channel forming region 64 and the contact portions of the 
source/drain regions becomes a problem With increasing 
distance 74 therebetWeen. This problem may be solved by 
shortening the distance 74, hoWever, this countermeasure is 
limited to a certain extent because too short a distance 
reversely impairs the precision upon matching the mask. 
This is a serious problem particularly When a glass substrate 
is used, because shrinking of the glass substrate occurs 
during the heating steps (various types of annealing steps are 
indispensable) to give unfavorable results upon matching the 
mask. For instance, a 10-cm square or a larger glass sub 
strate readily shrinks for about several micrometers upon 
heat treatment at about 600° C. Accordingly, in a present 
day process, a margin of about 20 pm is alWays included in 
the distance 74. 

Considering the problem of overetching upon forming 
contact holes connected to the source/drain regions, on the 
other hand, it is not possible to excessively shorten the 
distance 74. As described in the foregoing, the conventional 
TFTs suffer the folloWing disadvantages: 
(1) Problems are associated With the formation of contact 
holes connected to the source/drain regions; and 
(2) In vieW of the above problem (1), sheet resistance of the 
source/drain regions is also a problem because the contact 
hole cannot be located in the vicinity of the channel forming 
region. 
As a means of overcoming the shortcomings (1) and (2) 

of the conventional TFTs as mentioned hereinbefore, a TFT 
of a structure shoWn in FIG. 9(B) is proposed. This TFT 
comprises a gate contact 67 comprising aluminum as the 
principal component and is surrounded by an oxide layer 68 
formed by anodic oxidation in the similar manner as in the 
TFT shoWn in FIG. 9(A). Accordingly, source/drain contacts 
70 and 71 are provided in tight contact With the oxide layer 
68. In this structure, hoWever, the gate contact is located next 
to source/drain contacts 70 and 71 With only the oxide layer 
68 incorporated therebetWeen. Accordingly, a parasitic 
capacity Which forms by the incorporation of the oxide layer 
68 makes the operation unstable and loWers the reliability of 
the TFT. This problem can be overcome by increasing the 
thickness of the oxide layer 68. HoWever, since the thickness 
of the oxide layer 68 corresponds to the length of the offset 
gate, the thickness thereof can not be simply increased as 
desired. In addition, pinholes in the oxide layer 68 give 
occasion to leakage betWeen the gate contact and the source/ 
drain contacts. At any rate, this type of TFT is not practically 
feasible. 

FIG. 12 shoWs another insulated gate ?eld effect transistor 
(referred to simply hereinafter as “TFT”) comprising a thin 
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4 
?lm silicon semiconductor on a glass substrate. The process 
for fabricating the structure is described beloW. Referring to 
FIG. 12(A), a silicon oxide ?lm 1302 about 2,000 A in 
thickness is formed on a glass substrate 1301, and further, an 
island-like active layer 1303 made of a silicon semiconduc 
tor ?lm is formed to a thickness of about 500 to 2,000 A on 
the silicon oxide ?lm 1302. The silicon semiconductor ?lm 
is either amorphous or crystalline (e.g., polycrystalline and 
microctrystalline). A silicon oxide ?lm 1304 about 1,000 to 
1,500 A in thickness is formed further on the active layer to 
give a gate insulator ?lm. 

Then, a gate contact 1305 is formed from an impurity 
doped polycrystalline silicon (polysilicon), tantalum, 
titanium, aluminum, etc. (see FIG. 12(B)). 

Source/drain regions (impurity regions) 1306 are formed 
in the active layer 1303 in a self aligned manner by intro 
ducing impurities such as phosphorus and boron. This is 
performed using processes such as ion doping, employing 
the gate contact as the mask. The active region under the 
gate contact and Which remains undoped provides a channel 
forming region 1307 (see FIG. 12(C)). 
The doped impurities are then activated by irradiating a 

laser beam or by using heat sources such as ?ash lamps (see 
FIG. 12(D)). 

Then, a silicon oxide ?lm is formed by a process such as 
plasma CVD and APCVD to give the interlayer insulator 
1307. Furthermore, contact holes are perforated in the 
source/drain regions through the interlayer insulator to pro 
vide connection and contacts 1308 connected to the source/ 
drain using a metallic material such as aluminum (see FIG. 

12(E)). 
In a conventional TFT as described in the foregoing, it is 

essential to loWer the sheet resistance of the source/drain 
regions to improve the TFT properties, particularly, the ?eld 
mobility and the sub-threshold characteristics (S value). The 
folloWing measures Were proposed to achieve the require 
ment: 

(1) Increasing the concentration of the doped impurities; 
(2) Increasing the activation energy (the intensity of a laser 
beam or a ?ash lamp) to a suf?ciently high value; and 
(3) Decreasing the distance (indicated With “Z” in FIG. 
12(E)) betWeen the channel forming region 1307 and the 
metal contact 1308. 
With respect to the measure (1) above, an increase in the 

doped impurity concentration signi?es an increase in the 
treatment duration and hence, a decrease in throughput. 
Moreover, the damage of the active layer and the gate 
insulator ?lm 1304 increases With increasing concentration 
of the doped impurities. A process such as ion doping and 
plasma doping, Which comprises producing a plasma of the 
impurities and accelerating it for impurity implantation, is a 
superior method of mass production. HoWever, the acceler 
ated ions contain a plurality atoms such as of hydrogen to 
result in a heat up of the substrate. This problem becomes 
particularly distinct With increasing density of the plasma. 
Accordingly, problems occur upon doping, including heat 
ing up of the device and thereby damaging it, and, in case a 
photoresist is used, carboniZing it and thereby making its 
removal dif?cult. 

Concerning the measure (2) above, too intense an energy 
not only causes peeling off of the active layer or the gate 
contact and thereby loWering the yield of the TFT, but also 
impairs the throughput. In using a laser, for instance, it is 
necessary to intensely converge the beam to increase the 
energy density, because the energy itself cannot be greatly 
intensi?ed. This inevitably decreases the beam area, and the 
treatment hence requires a longer duration of irradiation to 
cover an area of the same siZe. 
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The measure (3) depends on the precision of matching the 
mask, and no considerable improvement can be expected. 
This is a serious problem particularly When a glass substrate 
is used, because shrinking of the glass substrate occurs 
during the heating steps (various types of annealing steps are 
indispensable in the process) to give unfavorable results 
upon matching the mask. For instance, a 10 cm square or 
larger glass substrate readily shrinks for about several 
micrometers upon heat treatment at about 600° C. 
Accordingly, in a present-day process, a margin of about 20 
pm is alWays included in the distance Z. When Z is small, 
moreover, a large parasitic capacity generates betWeen the 
gate contact 1305 and the source/drain contacts 1308 to 
unfavorably affect the properties of the TFT. 
On forming contact holes in the source/drain regions 

1306, it is required that the etching is conducted slightly in 
excess to assure the formation of the contact holes. 
Accordingly, the distance Z cannot be shortened to a large 
extent. As described in the foregoing, it is next to impossible 
to further loWer the parasitic resistance of the source/drain 
regions so long a prior art process is employed. 

SUMMARY OF THE INVENTION 

The present invention has been accomplished in the light 
of the aforementioned problems. Accordingly, an object of 
the present invention is to provide a TFT Which can be 
fabricated by a process Whose maximum temperature is 750° 
C. or loWer and Whose sheet resistance is suf?ciently loW 
ered Without limiting the substrate material unlike a high 
temperature process. 

Another object of the present invention is to provide a 
process for fabricating the above TFT. 

Still another object of the present invention is to provide 
a TFT having excellent characteristics, by substantially 
shortening the distance betWeen the channel forming region 
and the source/drain contacts, and thereby loWering the 
resistance therebetWeen. Yet another object of the present 
invention is to accomplish the above objects by a process 
suited for mass production. 

It is a further object of the present invention to provide a 
TFT having contacts connected to source/drain regions 
being formed accurately at positions near to the channel 
forming region, or to provide a TFT highly reliable upon 
forming contact holes in the source/drain regions. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIGS. 1(A) to 1(F) shoW a step sequential process for 
fabricating a TFT according to an embodiment of the present 
invention; 

FIGS. 2(A) to 2(F) shoW a step sequential process for 
fabricating another TFT according to another embodiment 
of the present invention; 

FIGS. 3(A) to 3(F) shoWs a step sequential process for 
fabricating another TFT according to still another embodi 
ment of the present invention; 

FIGS. 4(A) to 4(E) shoW a step sequential process for 
fabricating another TFT according to yet another embodi 
ment of the present invention; 

FIGS. 5(A) to 5(D) shoW a step sequential process for 
fabricating another TFT of an Example according to the 
present invention; 

FIGS. 6(A) to 6(D) shoW a step sequential process for 
fabricating another TFT of another Example according to the 
present invention; 

FIGS. 7(A) to 7(D) shoW a step sequential process for 
fabricating another TFT of still another Example according 
to the present invention; 
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6 
FIGS. 8(A) to 8(D) shoW a step sequential process for 

fabricating another TFT of yet another Example according to 
the present invention; 

FIGS. 9(A) and 9(B) shoW structures of prior art TFTs; 
FIGS. 10(A) to 10(F) shoW a step sequential process for 

fabricating another TFT according to another embodiment 
of the present invention; 

FIGS. 11(A) to 11(E) shoW a step sequential process for 
fabricating another TFT according to still another embodi 
ment of the present invention; 

FIGS. 12(A) to 12(E) shoW a step sequential process for 
fabricating a prior art TFT; and 

FIGS. 13(A) to 13(E) shoW a step sequential process for 
fabricating an active matrix substrate. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Conventional loW temperature processes (With a maxi 
mum temperature of 750° C. or loWer) or laser processes 
could only yield a TFT having insuf?ciently activated 
source/drain, Which resulted in a device having such a high 
sheet resistance With a minimum in the range of from 100 to 
1 kQ/cm2. Accordingly, the TFT Was unable to exhibit the 
characteristics (particularly, the mobility) inherent in the 
device. 

More speci?cally, the device suffered a decrease in the 
ON current and the operation rate due to the presence of a 
large source/drain parasitic resistance betWeen the source 
contact and the drain contact. HoWever, on the other hand, 
it Was not possible nor dif?cult to bring the source contact 
nearer to the drain contact as desired, because of the 
minimum limit in pattern formation (the minimum design 
rule) and of the necessity of loWering the parasitic capacity 
betWeen the gate contact and other connections. 

In the light of the above circumstances, the present 
invention is characteriZed in that the sheet resistance of the 
source/drain is loWered substantially to 100 Q/cm2 or loWer 
by tightly adhering a silicide layer comprising an alloy of a 
metal and silicon, to the source/drain, and shaping the 
silicide layer to substantially the same shape as that of the 
source/drain. Because the silicide is layered, the parasitic 
capacity betWeen it and the gate contact remains about the 
same as that of the conventional source/drain. The present 
invention is particularly characteriZed in that the gate con 
tact is covered by the anodic oxide thereof, that the source/ 
drain regions are formed in a self aligned manner With 
respect to the gate contact, and that a thin ?lm silicide is 
formed tightly adhered to the source/drain regions. 
The metal material for use in the silicide is preferably a 

material capable of forming an ohmic contact or a like 
contact of loW resistance When used as a silicide and formed 
on a silicon semiconductor. More speci?cally, suited as such 
metal material are molybdenum (Mo), tungsten (W), plati 
num (Pt), chromium (Cr), titanium (Ti), and cobalt (Co). The 
present invention can be implemented by reacting one of the 
above enumerated metals With silicon to obtain a silicide. 

The insulating anodic oxide plays an important role in the 
present invention. The anodic oxide prevents the silicide on 
the source/drain from forming a short circuit With the gate 
contact. That is, the silicide is provided over substantially 
the entire surface of the source/drain so that it may be 
brought to the vicinity of the gate contact as a result. The 
source/drain are separated from the gate contact by a gate 
insulator ?lm. HoWever, since the process according to the 
present invention requires a silicide to be formed after once 
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removing the gate insulator ?lm from the source/drain, it is 
very likely that the silicide is brought into contact With the 
gate contact. If an anodic oxide is present at least at the side 
of the gate contact, it is possible to prevent the contact 
betWeen the silicide and the gate contact, and an extremely 
dense anodic oxide having favorable insulating property can 
be obtained to considerably reduce the possibility of forming 
short circuit. 

Furthermore, considering the sequential process steps, an 
extremely improved process yield can be obtained by form 
ing an anodic oxide having an etching property differing 
from the gate contact. If the silicide ?lm Were to be formed 
Without covering the gate contact With an anodic oxide, and 
if the un-silici?ed metal ?lm should have approximately the 
same etching rate as that of the gate contact, a part or the 
entire gate contact Would be etched upon removing the 
un-silici?ed metal ?lm. From the vieW point of etching, 
accordingly, an anodic oxide is preferably formed on the 
upper surface of the gate contact. 

The process for fabricating the TFT according to the 
present invention comprises the folloWing four basic steps: 
(1) anodically oxidiZing the gate contact; 
(2) forming a metal coating for forming a silicide on the 
exposed surface (inclusive of the silicon semiconductor 
region) of the element; 
(3) forming a silicide at the boundary betWeen silicon and 
said metal coating, by irradiating an intense light such as a 
laser beam to alloW silicon to react With said metal coating; 
and 
(4) removing the metal coating remained unreacted. 

In the present invention, either a monolayer gate contact 
using the above material singly or a multilayered gate 
contact comprising tWo or more laminated layers may be 
used. For instance, a bilayer structure comprising a tungsten 
silicide layer on an aluminum layer, or such comprising an 
aluminum layer on a titanium nitride layer. The thickness of 
each of the layers is determined according to the desired 
element characteristics. 

The silicide in the present invention is formed by irradi 
ating an intense light such as a laser beam to the metal ?lm, 
thereby alloWing the metal ?lm to react With the underlying 
silicon semiconductor ?lm. If a laser Were to be used as the 
intense light, a pulsed laser is preferably used. A laser 
operating in a continuous Wave mode is not preferred 
because the irradiation time of the laser is too long. Not only 
peeling off of the irradiated ?lm due to thermal expansion is 
feared to occur, but also thermal damage of the substrate is 
suspected on the structure. 

Concerning the lasers operating in a pulsed mode for use 
in the present invention, mentioned are an infrared emitting 
laser such as an Nd:YAG laser (a Q sWitch pulsed laser is 
preferred) or a visible light emitting laser such as a second 
harmonic thereof, or various types of ultraviolet emitting 
excimer lasers of KrF, XeCl, ArF, etc. When irradiating laser 
from the upper side of the metal ?lm, hoWever, a laser 
operating in such a Wavelength range that the beam should 
not be re?ected by the metal ?lm should be selected. As a 
matter of course, this selection is unnecessary if a very thin 
metal ?lm is used. Furthermore, the laser beam may be 
irradiated from the substrate side. If the laser Were to be 
irradiated from the substrate side, hoWever, a laser beam 
capable of penetrating the silicon semiconductor ?lm under 
the metal ?lm must be selected. 

The thickness of the silicide layer depends on the sheet 
resistance required to the source/drain region. Considering 
that the resistivity of the silicide is in the range of from 0.1 
to 1 mQ-cm, the silicide layer is favorably provided at a 
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8 
thickness in the range of from 10 nm to 1 pm to achieve a 
sheet resistance in the range of from 10 to 100 Q/cm2. 

Referring to FIG. 5, another embodiment according to the 
present invention is described beloW. A gate contact 15 
based on aluminum is surrounded by an aluminum oxide 
layer 16, and the aluminum oxide layer is further surrounded 
by an insulator (silicon oxide) 22 shaped approximately in a 
triangle. This insulator 22 ?xes the contact position betWeen 
source/drain regions 17 and 19 and the contacts 29 and 30. 
This insulator shaped approximately in a triangle can be 
formed on the portion indicated With numeral 21 by etching 
a silicon oxide ?lm 20 anisotropically along the vertical 
direction (etching selectively along the vertical direction). 
The dimension, particularly the Width, of this insulator 22 

shaped into approximately a triangle depends on the thick 
ness of a previously deposited insulator 20, the etching 
conditions, and the height of the gate contact 15 (inclusive 
of the thickness of the insulator layer 16). The Width 22 is 
generally in the range of from 2,000 to 20,000 A, but it can 
be determined according to the respective embodiments 
irrespective of the above speci?ed range. Furthermore, the 
shape of the insulator 22 is not only limited to a triangle, and 
is varied according to the step coverage of the oxide 20 and 
to the ?lm thickness. For example, if the dimension indi 
cated by 25 is shortened, the resulting shape is a rectangle. 
In the present speci?cation, hoWever, the insulator 22 
referred to herein is exempli?ed by “an insulator shaped 
approximately into a triangle”, or more brie?y as “a trian 
gular insulator”, as shoWn in the draWing for the sake of 
simplicity. 
A compound of silicon With a metal (referred to herein 

after as “a silicide”) 28 is formed at the contact portion 
betWeen the source/drain contacts 29 and 30 With the 
source/drain regions 17 and 19. The contact resistance and 
the sheet resistance of the source/drain regions 17 and 19 are 
loWered by the presence of this silicide. The silicide 28 can 
be established by depositing a ?lm 27 of a constituent metal 
of the silicide on a silicon ?lm, and applying heat treatment 
thereto depending to the requirements. Silicides more spe 
ci?cally include those using, as the constituent metal, Ti 
(TiSi and TiSiZ), Mo (MoSiOZ), W (WSi2, W(SiAl)2), TiSi2 
(Ti7Si12Al5), and PdZSi (Pd4SiAl3). HoWever, the use of Ti 
as TiSi and TiSi2 is preferred from the vieWpoint of the 
problems concerning the treatment temperature, contact 
resistance, and sheet resistance. 
The TFT shoWn in FIG. 5 comprises a gate contact 

surrounded by an insulator layer 16. HoWever, the insulator 
layer may be omitted and an insulator 22 may be brought 
into intimate contact With the gate contact. 

Referring to FIG. 7, a further preferred embodiment 
according to the present invention is described beloW. The 
structure shoWn in FIG. 7 comprises a silicide layer 90 to 
loWer the sheet resistance of the source/drain regions. The 
source/drain contacts are located at a position (indicated by 
94) distant from the channel forming region 87, in a Way 
similar to the structure of an ordinary TFT. The sheet 
resistance of the source/drain regions can be loWered by 
employing a structure of this type. Accordingly, a TFT 
having improved characteristics can be obtained even Lf the 
source/drain contacts are located at an ordinary position 
shoWn in FIG. 7(D). 
The formation of a triangular insulator on the sides of the 

gate contact in a self aligned manner dispenses With the 
contact holes in the source/drain regions. Furthermore, the 
presence of this triangular insulator alloWs formation of the 
contacts in the source/drain regions at positions nearer to the 
channel forming regions. Furthermore, the formation of 
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silicide on the surface of the source/drain regions lowers not 
only the contact resistance betWeen them With the source/ 
drain contacts, but also the sheet resistance in the source/ 
drain regions. 

Moreover, even When a TFT of a conventional structure 
Were to be used, the sheet resistance of the source/drain 
regions can be loWered by forming a silicide layer of a metal 
on the surface of the source/drain regions. Accordingly, a 
TFT having improved characteristics can be obtained. 

Furthermore, an interlayer insulator having contact holes 
may be provided on the silicide layer, and source/drain 
contacts may be connected to the source/drain regions 
through the contact holes in direct contact With the silicide 
layer. 

The process according to the present invention comprises 
forming an oxide coating by oxidiZing at least the sides, 
preferably the upper surface and the sides, of the gate 
contact. Preferably, the oxide coating is an excellent insu 
lator. A triangular insulator is further formed on the outer 
side of the oxide on the gate contact. The Width of the 
triangular insulator is preferably less than 1 pm. The silicide 
is formed tightly adhered to the source/drain regions in a self 
aligned manner to the triangular insulator. Because the 
silicide has a resistivity far loWer than a polycrystalline 
silicon, a suf?ciently loW resistance can be obtained by 
providing it extremely thinly. 

FIG. 10 refers to a concrete example of the technological 
idea above, and it shoWs sequential steps for fabricating the 
TFT of the above constitution. Referring to FIG. 10, a base 
oxide ?lm 1102, source/drain regions 1103, a channel form 
ing region 1104, a gate insulator ?lm 1105, and a gate 
contact 1106 comprising metals such as aluminum, titanium, 
and tantalum, or an alloy thereof as the principal component, 
Were formed sequentially in this order on a substrate 1101 
using a knoWn means. An oxide layer 1107 for the gate 
contact is then formed around the gate contact. A thermal 
oxidation process or an anodic oxidation process is suited 
for the formation of the oxide layer. When a metal based on 
aluminum, titanium, or tantalum, or an alloy comprising 
them as the principal component is used as the gate contact, 
the oxide layer is preferably formed by anodic oxidation. 
Since the impurities are doped in a self aligned manner With 
respect to the oxide layer 1107, the source/drain regions and 
the gate contact are offset (FIG. 10(A)). 

The selection of the gate contact material is the key When 
using anodic oxidation, because the type of the anodic oxide 
depends on the gate contact material. Gate contact materials 
useful in the present invention include pure metals (e.g., 
aluminum, titanium, tantalum, and silicon), alloys thereof 
added therein a small amount of other additives (e.g., an 
aluminum based alloy containing from 1 to 3% silicon as an 
additive, and a silicon based alloy containing from 1,000 
ppm to 5% phosphorus), electrically conductive silicides 
such as tungsten silicide (WSi2) and molybdenum silicide 
(MoSi2), and electrically conductive nitrides represented by 
titanium nitride. “Aluminum” as referred herein not only 
signi?es pure aluminum, but includes also aluminum alloys 
containing 10% or less of an additive. The same applies to 
silicon and other materials. An insulating coating 1108 is 
formed thereafter. This insulating coating must exhibit 
excellent coverage on the sides of the gate contact (FIG. 

10(B)). 
The insulating coating is then subjected to anisotropic 

etching using a process such as dry etching. That is, etching 
is performed selectively only along the vertical direction. As 
a result, the surface of the source/drain regions are exposed, 
While a triangular insulator 1109 is left on the sides of the 
gate contact inclusive of the surrounding oxide coating 
1107. 

15 

20 

25 

30 

35 

40 

45 

55 

60 

65 

10 
The dimension, particularly the Width, of this triangular 

insulator 1109 depends on the thickness of a previously 
deposited insulator coating 1108, the etching conditions, and 
the height of the gate contact (inclusive of the surrounding 
oxide layer 1107). In this case, the height includes the 
thickness of the insulator layer 1107. The thickness of the 
insulating coatin 1108 is generally in the range of from 
2,000 to 20,000 A, but it can be determined according to the 
respective embodiments irrespective of the above speci?ed 
range. Furthermore, the shape of the insulator 1109 is not 
only limited to a triangle, and is varied according to the step 
coverage of the insulating coating 1108 and to the ?lm 
thickness. For example, if a thin coating is provided, the 
resulting shape is a rectangle. HoWever, the insulator 1109 
as referred to hereinafter is collectively exempli?ed by an 
insulator shaped approximately into a triangle as shoWn in 
the draWing for the sake of simplicity. 
A coating 1110 of a suitable metal, such as titanium, 

molybdenum, tungsten, platinum, and palladium is formed 
on the front surface of the substrate (FIG. 10(D)). 

Then, a silicide layer is formed by reacting the thus 
formed metal ?lm With silicon of the source/drain region. 
This process can be performed by annealing at an appropri 
ate temperature or by an annealing process and the like using 
a laser, a ?ash lamp, etc. The metal ?lm remains as it is 
Without reacting With other materials such as silicon oxide 
and silicon nitride, or With a material constituting the oxide 
layer 1107 of the gate contact, e.g., aluminum oxide, tita 
nium oxide, and tantalum oxide. Accordingly, a silicide and 
a metal ?lm remains on the substrate at the same time, but 
the metal ?lm alone can be selectively etched by using a 
proper etchant. In this case, the important point is that an 
oxide layer 1107 is provided on the upper surface of the gate 
contact. The oxide layer 1107 prevents direct reaction from 
occurring betWeen the metal ?lm 1110 and the gate contact 
1106. In this manner, the silicide layer 1111 alone is left in 
contact With the source/drain region (FIG. 10(B)). 
A laser operating in a pulsed mode is preferred When the 

silicide is formed by irradiating an intense light such as a 
laser to the metal ?lm to alloW it to react With the underlying 
silicon semiconductor ?lm. Alaser operating in a continuous 
Wave mode is not preferred because the irradiation time of 
the laser is too long. Apeeling off of the laser irradiated ?lm 
may occur due to thermal expansion. 
As a matter of course, the silicide layer may be provided 

at the same thickness as that of the active layer, though the 
silicide layer in the ?gure is illustrated thinner than the 
active layer. The point is that the active layer region under 
the insulator 1109 is an impurity semiconductor Which 
provides the source/drain region. The silicides for use in the 
silicide layer 1110 include those using, as the constituent 
metal, Ti (TiSi and TiSiZ), Mo (MoSiO2), W (WSi2, 
W(SiAl)2), TiSi2 (Ti7Si12Al5), and PdZSi (Pd4SiAl3). 
HoWever, the use of Ti as TiSi and TiSi2 is preferred from 
the vieWpoint of the problems concerning the treatment 
temperature, contact resistance, and sheet resistance. 

Subsequently, an interlayer insulator 1112 is deposited, a 
contact hole is perforated in the silicide layer 1111, and a 
metal contact With connection 1113 is formed to obtain a 
complete TFT. The resulting structure is shoWn in FIG. 
10(F). 
As described in the foregoing, the TFT according to the 

present invention comprises a silicide layer 1111 having an 
extremely loW resistance. Accordingly, the resistance 
betWeen the channel forming region and the metal contact is 
determined substantially by the distance indicated With x in 
FIG. 10(F). Because the distance x is preferably 10 pm or 




















